In the molecular dynamics simulation of the aqueous Lil solution the ST2 water model was employed and the ions were described as Lennard-Jones spheres with an elementary charge at the center. The basic periodic cube contained 200 water molecules and 8 ions of each kind equivalent to a 2.2 molal solution. The simulation extended over 10 ps with an average temperature of 305 K. The structure is discussed by means of ion-water, ion-ion and water-water radial pair distribution functions and the orientation of the water molecules. Potential energy relationships are reported and the heat of solution has been calculated and found in agreement with experimental values.
I. Introduction
In the literature only one investigation of the structure of an aqueous Lil solution has been reported. The x-ray measurements by Lawrence and Krüh [1] extended over different alkali iodide solutions at various concentrations. Because of the strongly different weight of the two ion-water contributions to the scattered intensity it is very difficult to deduce from x-ray measurements information on the structure of the hydration shells of both ions from the same solution.
Lawrence and Krüh, therefore, derived from their Lil investigation only properties of the hydration shell of the iodide ion. Further information on the hydration shell of I" results from the x-ray measurements of a NH 4 I solution by Narten [2] and of a Nal solution by Maeda and Ohtaki [3] .
Numerous investigations of the hydration shell of Li + by x-ray and neutron diffraction with a number of different counterions have been reported in the literature. The recent most reliable measurements have been compiled in a short paper published recently [4] in which an octahedral arrangement of six nearest neighbor water molecules around Li + has been deduced from the same simulation on which the results reported here are based.
Preliminary results on the structural properties of a Lil solution from an MD simulation have been reported by us some time ago [5] . It was a very short run and the pair potential parameters -as far as the iodide ion is concerned -had been chosen so that e. g. wrong I~-0 distances resulted. The new data on the structure of the Lil solution reported here are based on a significantly longer run, an improved simulation technique and corrected potential parameters. The structure is discussed on the basis of ion-water, ion-ion and waterwater radial distribution functions (RDF) and the orientation of the water molecules. Potential energy relationships are derived and the heat of solution has been calculated.
The combination of x-ray measurements and MD simulations has been shown to be a good way to elucidate structures of aqueous electrolyte solutions [6, 7] . Therefore, in a subsequent paper [8] new x-ray measurements on a Lil solution are reported and compared with the structural properties discussed here. In the calculation of the Coulombic energy for the ion-ion interactions the Ewald method is employed. The ion-water and water-water interactions 0340-4811 / 81 / 0900-0967 $ 01.00/0. -Please order a reprint rather than making your own copy. are cut off at 9.34 Ä (half of the sidelength of the basic cube) and the "shifted force potential" method is applied. Further details are given in [10] . With this technique the simulation extended over 46 000 time steps -equivalent to a total elapsed time of about 10 ps -without interference. Therefore, also the dynamical properties of the solution can be calculated with a high degree of reliability. They will be published separately. During the whole run the change in total energy AE/E was less than 5 • 10" 5 and the average temperature 305 K. For comparison pure ST2 water was simulated with the same improved technique over about 5 ps. There seem to be no significant differences in the structural properties between our simulation and the one by Stillinger and Rahman [9] .
II. Details of the Simulation

III. Results and Discussion
A) Radial Distribution Functions
For the two ions of the alkali halide series extreme in size the ion-oxygen and ion-hydrogen RDFs are shown in Fig. 1 at slightly above 5Ä results from a configuration where two Li + are linked by one water each to the same I~, and at the same time these two Li + are separated by two water molecules. This configuration existed in the simulation over the whole run of 10 ps. Obviously such an arrangement is rather stable, but one might expect that at significantly longer simulation times the two peaks and the following minima will disappear. From the running integration numbers it can be seen that in the average almost six out of the eight I" in the basic cube are inside the inscribed sphere (about half of the volume of the cube) centered at a Li + and vice versa. In the case of the like ions there are in the average only 2.5 out of seven in the inscribed sphere. This is a not unreasonable distribution of the ions. It can be deduced from /iuLi( r ) an d /iLii (r) at about 6Ä that besides the configuration of one I -and two Li + described above there are no further Li + nearer than 6.5 Ä to each other, but that there are two more I -from the remaining seven -linked to a Li + by just one water molecule.
In Fig. 3 goo(r) . gOH(r) and £hh(0 for the water molecules in the 2.2 molal Lil solution are compared with the corresponding radial distribution functions from a simulation of pure water (Section II). The characteristic data are given in Table 1 (Table 1) is simply and almost quantitatively a consequence of the fact that nearly one out of four water molecules belongs to the first hydration shell of Li + . As the relative height of the first peak in goH( r ) is obviously a consequence of an excluded volume effect it does not really lead to information about the water structure in the hydration shell of the ion and should, therefore, not be used as a measure of its increase or decrease [17] . The investigation of dynamical properties of the hydration shell water -as discussed for the Lil solution in a separate paper [18] -seems to be a better way to discuss these questions.
The difference in the height of the first peaks in £HH between pure water and water in the solution is much less significant than in the case of £OH i r ) > as for geometrical reasons the excluded volume effect of the ions is much smaller.
B) Orientation of the Water Molecules
The average orientation of the water molecules in the hydration shells of the ions could be deduced from the relative distances of the first peaks in the ion-oxygen and ion-hydrogen RDFs (Fig. 1) , in the same way as it is being done in the analysis of neutron diffraction data [19] . But the information from the MD simulation allows a direct calculation of the average orientation of the water molecules as a function of distance from the ion. The average value of cos 6 is shown in Fig. 4 for the lithium and the iodide ion. 0 is defined as the angle between the dipole moment direction of the water molecule and the vector pointing from the oxygen atom towards the center of the ion.
In the case of lithium, (cos 6) is constant over the whole range of the first peak in guo( r ) at -0.66 or 6= 131°. Not only the average value is constant but also the distribution of cos 6 is very narrow for the water molecules in the first hydration shell of Li + as can be seen from The preferential orientation of the water molecules decreases beyond the first hydration sphere rapidly for both ions except for the range of the second hydration shell of Li + where again a pronounced preferential orientation exists. It should be mentioned that (cosö(r)) changes its sign for both ions at a distance of about 7 Ä, a result which is significantly different from the preliminary data published previously [5] . This effect could be artificial, i.e. caused by the "shifted force potential" employed in this simulation. It reduces the ion-water forces to zero at the cut-off distance thus allowing neighboring water molecules to govern the orientation leading to an unfavorable orientation relative to the central ion.
The average value of the cosine of the angle 0 WW between the dipole moment directions of two water molecules in the 2.2 molal Lil solution and in pure water is shown in Fig. 6 as a function hydrogen bond, the 45% increase of the probability in this range indicates increased bending of hydrogen bonds in the solution. From the relative orientation of water dipoles one cannot conclude that the ST2 water model gives a too pronounced structure of nearest neighbors, although the height of the first peak of goo( r ) indicates it. The broad distribution of the relative orientation (Fig. 7) corresponds to a less pronounced structure of £oh(0 an d gHH( r ) (Fig. 2) in comparison to the experimental atomic RDF's of pure water [15] . Probably, the increased number of first neighbor water molecules in the MD calculations compared with the experiment is responsible for the broader distribution of relative orientation.
C) Average Potential Energy and Pair Interaction Energy Distribution
The average potential energy of a water molecule in the field of a lithium and an iodide ion are shown in Fig. 8 the hydration energy between the water in the solution and pure water. This difference results partly from an excluded volume effect of the ion and partly from the fact that the ions force the water molecules into energetically rather unfavorable orientations relative to each other, leading even to positive energies at small distances. The second hydration shell of Li + contributes only about 15% to the total hydration energy and there is no further contribution beyond 5.5 Ä. In the case of I -the first hydration shell ends at about 4.5 Ä with again about 85% of the total hydration energy. In the range 4.5 -6.5 Ä, gio(r) is slightly above one, the average orientation (Fig. 4) is energetically favorable and even in (Fi w (r) 
